Objective: Abdominal adiposity is associated with increased cardiovascular risk and decreased GH secretion. The objective of our study was to determine the effects of GH on body composition and cardiovascular risk markers in abdominally obese women. Materials and methods: In this randomized, double-blind, placebo-controlled study, 79 obese premenopausal women received GH vs placebo for 6 months. Primary endpoints were i) total abdominal (total abdominal adipose tissue, TAT) fat by computed tomography (CT) (body composition) and ii) high-sensitivity C-reactive protein (hsCRP) (cardiovascular risk marker). Body composition was assessed by CT, dual-energy X-ray absorptiometry, and proton MR spectroscopy. Serum cardiovascular risk markers, carotid intima-media thickness, and endothelial function were measured. Results: Mean 6-month GH dose was 1.7G0.1 mg/day, resulting in a mean IGF1 SDS increase from K1.7G0.08 to K0.1G0.3 in the GH group. GH administration decreased TAT and hsCRP compared with placebo. In addition, it increased thigh muscle mass and lean body mass and decreased subcutaneous abdominal and trunk fat, tissue plasminogen activator, apoB, and apoB/low-density lipoprotein compared with placebo. Visceral adipose tissue (VAT) decreased and intramyocellular lipid increased within the GH group. Six-month change in IGF1 levels was negatively associated with 6-month decrease in TAT and VAT. One subject had a 2 h glucose O200 mg/ml at 3 months; four subjects, three of whom were randomized to GH, had 2 h glucose levels O200 mg/ml at the end of the study. Conclusion: GH administration in abdominally obese premenopausal women exerts beneficial effects on body composition and cardiovascular risk markers but is associated with a decrease in glucose tolerance in a minority of women.
Introduction
Abdominal adiposity is associated with a marked increase in coronary heart disease and increased inflammatory cardiovascular markers, including highsensitivity C-reactive protein (hsCRP) and carotid artery wall thickening (1, 2) . In women with increased abdominal adiposity, physiological GH secretion is impaired and peak stimulated GH response is decreased (3, 4) . GH plays a role in modulating body composition, and GH deficiency in women with hypopituitarism is associated with increased body fat, including visceral adiposity, and decreased lean body mass (5) . Visceral adiposity has also been shown to be a major determinant of GH secretion in nonobese adults (6) . GH is also a mediator of atherogenesis. GH has cytokine-like effects and its administration results in decreased hsCRP levels in patients with pituitary disorders and GH deficiency (7, 8) . GH also increases low-density lipoprotein (LDL) receptor activity and affects the expression of key enzymes involved in intracellular cholesterol metabolism in the liver (9) . Moreover, we have reported an independent inverse association between GH and intramyocellular lipid (IMCL), a marker of insulin resistance, and intrahepatic fat in obese women, suggesting that low GH contributes to insulin resistance through effects on skeletal muscle and intrahepatic lipids (IHLs) (10) .
IGF1, an important modulator of body composition, is secreted by the liver and other organs in response to GH. As IGF1 is an important determinant of body composition, particularly critical for the maintenance of muscle mass (11) , reduced levels in obese premenopausal women may exert deleterious effects on body composition. Although the effects of GH administration to decrease visceral adiposity, increase muscle mass, and improve cardiovascular risk markers, including hsCRP, are well established in patients with GH deficiency due to hypothalamic/pituitary disorders (7, 8, 12) , few studies have been performed administering low-dose GH in otherwise healthy obese subjects (13, 14, 15, 16) . Administration of low-dose GH to obese men (14, 15) and postmenopausal women (13) resulted in decreased visceral fat mass and improved lipid profiles, suggesting a possible beneficial effect of GH in healthy subjects with visceral obesity. However, no studies have been performed on the effects of GH on cardiovascular risk factors, including inflammatory markers, and detailed measures of body composition, focusing on premenopausal women with abdominal obesity. Given the strong association between abdominal obesity and cardiovascular disease, we investigated the effects of GH-induced changes on body composition, lipid profile, inflammatory markers, and glucose metabolism in order to enhance our understanding of the effects of low endogenous GH in obese premenopausal women.
We hypothesized that GH treatment for 6 months would result in a reduction in total abdominal adipose tissue and hsCRP levels (primary endpoints) in premenopausal women with relative GH and IGF1 deficiency due to abdominal obesity. We also hypothesized that both visceral and subcutaneous adipose tissue (SAT) depots would decrease and muscle mass would increase with GH administration. We also explored the effects on other cardiovascular risk markers. In addition, we hypothesized that although acute GH administration would increase glucose intolerance, chronic GH administration would result in normalization of measures of glucose tolerance due to an increase in muscle mass and a decrease in IMCL and IHL concentrations.
Materials and methods
The study was approved by the institutional review board of Partners HealthCare, Inc. and was Health Insurance Portability and Accountability Act compliant. Written informed consent was obtained from all subjects before conducting any study procedures.
Subjects
Subjects were recruited from the community through advertisements. Inclusion criteria were 18-45 years, female, eumenorrhic, body mass index (BMI) R25 kg/m 2 , waist circumference O88 cm (17, 18) , IGF1 level within the lowest two quartiles for age, stable weight (defined as weight loss or weight gain %5 pounds in the preceding 3 months), and willingness to maintain current activity level and diet for the duration of the study. Exclusion criteria included smoking, pregnancy or breastfeeding, hypothalamic or pituitary disorders, presence of diabetes mellitus or other chronic illnesses, use of estrogen or glucocorticoid, use of statins, antihypertensives, or regular use of aspirin.
One-hundred and fifty-four obese premenopausal women were screened for participation in the doubleblind, placebo-controlled trial. Eighty subjects met the inclusion criteria and enrolled in the study; one subject was discontinued due to a positive pregnancy test at the baseline visit before any procedures were performed or study medication was dispensed. Seventy-nine subjects completed the baseline visit, 72 subjects completed the 3-week visit, 68 subjects completed the 6-week visit, 66 subjects completed the 9-week visit, 59 subjects completed the 3-month visit, and 50 subjects completed the 6-month visit.
Nineteen subjects withdrew for personal reasons and eight for medical causes (breast lump discovered before initiation of study medication, goiter (placebo group), cervical human papilloma virus, cancer (placebo group), breast calcifications noted on mammogram, 2 h oral glucose tolerance test (OGTT) glucose O200 mg/dl (11.1 mmol/l) (nZ1 pretreatment and nZ1 after initiation of study medication), and rash). One subject was discontinued due to oral contraceptive initiation and one due to IV access issues. Eleven dropouts had been randomized to GH and 18 to placebo ( Fig. 1 ). Dropouts were replaced with additional study subjects to achieve the predetermined completers (nZ50) at 6 months. Baseline clinical characteristics and body composition have been previously reported on a subset of these study subjects (4, 10, 19, 20, 21, 22, 23) , but no longitudinal data have been previously published. 
Protocol
The study was a 6-month, double-blind, randomized, placebo-controlled trial performed in the Massachusetts General Hospital General Clinical Research Center.
Baseline IGF1 and cardiovascular risk markers were drawn after an overnight fast, followed by a 75 g, 2 h OGTT. Computed tomography (CT) at the level of the 4th lumbar vertebra (L4) and mid-thigh and dualenergy X-ray absorptiometry (DXA) were performed to assess body composition, and bioelectric impedance analysis (BIA) was performed to assess total body water. Proton magnetic resonance spectroscopy (1H-MRS) of soleus muscle and liver was performed to determine IMCL and IHL. A GHRH-arginine stimulation test was performed in a subset of patients (nZ39) as described previously (4); testing was discontinued when GHRH became unavailable in the USA. After baseline evaluation, subjects were randomized to receive daily s.c. recombinant human GH (Genentech, Inc., South San Francisco, CA, USA) or placebo, which was identical in appearance to the GH, for 6 months. Randomization was performed by the Massachusetts General Hospital research pharmacy to maintain double blinding. Starting GH dose was 4 mg/kg per day. Subjects were asked to inject the study medication before bed.
Follow-up visits were performed at 3 weeks, 6 weeks, 9 weeks, 3 months, and 6 months after baseline testing. GH doses were adjusted based on IGF1 levels at all visits, by a physician not involved in the study, using an algorithm based on pretreatment IGF1 level and an IGF1 level target in the upper normal age appropriate range. Participants in the placebo group were adjusted to sham dose to maintain study subject and investigator blinding to randomization assignment. Body composition with CT and 1H-MRS and cardiovascular endpoints were measured at baseline, 6 weeks, and 6 months. DXA was performed at baseline, 3 months, and 6 months. OGTTs were performed at baseline, 6 weeks, 3 months, and 6 months.
Body composition evaluation
Fat mass and fat-free mass were measured by DXA (Hologic QDR-4500; Hologic, Inc., Waltham, MA, USA) at baseline, 3 months, and 6 months (precision error of 1.7% for fat mass and 2.4% for fat-free mass). Each subject underwent single-slice CT of the abdomen at the level of L4, and 52 subjects underwent additional single-slice CT of the left mid-thigh at baseline, 6 weeks, and 6 months as described previously (19) (coefficient of variation (CV) !1% for fat and muscle area). Abdominal SAT, visceral adipose tissue (VAT), and total adipose tissue (TAT) areas and thigh muscle crosssectional areas were determined. BIA was used to measure total body water (precision !3%) using Bioelectrical Analyzer model BIA 101 (RJL Systems, Clinton Township, MI, USA) and standard protocol at baseline, 6 weeks, and 6 months (24) . Resting energy expenditure (REE) was calculated from substrate oxidation rates obtained by indirect calorimetry (V max 29N Sensor Medics, Viasys Healthcare, Loma Linda, CA, USA) after an overnight fast (25) at baseline, 3 months, and 6 months. 1H-MRS of calf muscle and liver was performed in 42 subjects using a 3.0 Tesla MRI system (Siemens Trio; Siemens Medical Systems, Erlangen, Germany) following an overnight fast at baseline, 6 weeks, and 6 months. 1H-MRS of soleus muscle and liver (CVZ6% for intramuscular and 8% for intrahepatic fat) was performed as described previously (20, 21) . All body composition analyses were performed by study personnel blinded to the randomization assignment.
Cardiovascular risk factor analysis
Real-time serum IGF1 for GH dose adjustment was measured using an Immulite 2000 automated immunoanalyzer (Diagnostic Products Corp., Los Angeles, CA, USA), by a solid-phase enzyme-labeled chemiluminescent immunometric assay, with a CV !5%. Serum IGF1 levels were batched and run after study completion for correlational analyses by IDS-iSYS Multi-Discipline Automated Analyser (Immunodiagnostic Systems, Inc., Fountain Hills, AZ, USA) with CV%2%. GH levels were measured using an immunoradiometric assay kit (Diagnostic Systems Laboratories, Inc., Webster, TX, USA), with a minimum detection limit of 0.01 ng/ml and CV!6%. hsCRP, fibrinogen, and apolipoprotein B were measured by latex particleenhanced immunoturbidimetric assay on an Hitachi 911 analyzer (Roche Diagnostics) with CV!6%. Tissue plasminogen activator (tPA) was measured using a ELISA assay (American Diagnostica, Greenwich, CT, USA) with CV!6%. Insulin was measured using an RIA kit (Linco, Research, Inc., St Charles, MO, USA). Homeostasis model assessment-insulin resistance (HOMA-IR) was calculated as insulin (mIU/ml)! glucose (mM/l)/22.5.
Carotid intima-media thickness (IMT) was measured at baseline and at 6 months by a single cardiologist, blinded to treatment randomization, as described previously (CVZ4.7%) (26) .
A fingertip peripheral arterial tonometry (PAT) device (Endo-PAT2000; Itamar Medical, Caesarea, Israel) was used to measure endothelial function in 40 subjects, and reactive hyperemic index (RHI) was calculated (27) .
Compliance
To test for compliance of GH administration, 6-month and 3-month blood samples from all subjects in the GH group who completed the 6-month visit (nZ28) and 6-week blood samples from subjects who dropped out between the 6-week and the 3-month visits (nZ7) were analyzed for the presence of 22 kDa hGH, which becomes predominant after administration of rhGH, using specific sandwich-type immunoassays as described previously (28) with improved monoclonal antibodies (29) .
Physical activity
Subjects were asked to refrain from modifying their exercise levels throughout the duration of the study. Level of activity, including exercise, was assessed using the Paffenbarger questionnaire, a self-administered questionnaire that measures current levels of activity. The Modified Activity Questionnaire (MAQ) assesses activity level over the past year and was used to investigate whether women who have a higher chronic basal activity level would experience greater or lesser effects of GH administration than sedentary women.
Statistical analysis
The primary body composition endpoint was TAT and the primary cardiovascular risk marker endpoint was hsCRP. The study was powered based on a study by Sesmilo et al. (8) . With 25 evaluable study subjects in each study arm, we had O90% power for detecting a difference of 1.68 in hsCRP at a two-sided 0.05 significance level, assuming a S.D. of the difference from baseline of 1.79.
The data were analyzed using repeated measures ANOVA with the treatment difference at 6 months as the primary contrast of interest (SAS Proc Mixed, SAS Institute, Cary, NC, USA). This analysis included all data collected on all study subjects irrespective of whether the subject completed the 6 months of follow-up and follows the Institute of Medicine suggestion for analysis of data with missing observations (http://books.nap. edu/openbook.php?record_idZ12955). Outliers above or below 1.5 times the interquartile range are excluded by quantile analysis. A secondary analysis including outlying observations is reported when the results differed. Within-group treatment effects were assessed using paired t-tests. Univariate regression models were constructed to determine hormonal and body composition predictors of endpoints studied, and Spearman r are reported. Multivariate models were constructed using standard least squares regression modeling to control for baseline age, IGF1 level, and BMI. Statistical significance was defined as a two-tailed P!0.05.
Results

Baseline characteristics
Baseline characteristics are presented in Table 1 . Thirtynine subjects were randomized to receive GH and 40 subjects to receive placebo. Both groups were of comparable age, IGF1 levels, BMI, body composition, and cardiovascular risk marker levels, and there was no significant difference in any baseline parameter between the groups at baseline. Subjects ranged in age from 21 to 45 years, with a mean age of 36G0.8 years. Subjects ranged in BMI from 25 to 50 kg/m 2 , with a mean of 35G0.6 kg/m 2 . There was no difference between completers and dropouts in any baseline characteristics, including age, BMI, body composition parameters, cardiovascular risk markers, and IGF1. There was no difference in REE at baseline, 3 months, or 6 months between the groups (PZ0.9). Baseline physical activity determined using the Paffenbarger questionnaire was similar in both groups and remained unchanged during the study (PZ0.4-0.6). However, women in the GH group had lower baseline activity levels as determined by MAQ compared with controls (12.0G1.5 vs 18.6 G2.2, PZ0.03).
The mean GH dose for the GH treatment group at 6 weeks was 0.5G0.02 mg/day and at 6 months 1.7 G0.1 mg/day. These doses resulted in a mean IGF1 level of 212.3G12.2 ng/ml (27.9G1.6 nmol/l) and mean IGF1 SDS of K0.7G0.2 at 6 weeks and mean IGF1 level of 265.1G23.0 ng/ml (34.7G3.0 nmol/l) and a mean IGF1 z-score of K0.1G0.3 at 6 months (P!0.0001 compared with placebo) (Fig. 2 ).
Effects of GH administration on body composition
Body composition parameters at baseline, 6 weeks, and 6 months are summarized in Table 2 . There was a decrease in abdominal TAT (primary endpoint), as measured by CT, compared with placebo. SAT also decreased in the GH group compared with placebo group. There were three outliers for change in abdominal TAT: one in the placebo group, and two in the treatment group. When data from these individuals were included in the analysis, the difference between the groups was no longer significant. Within the GH group, there was a significant decrease in VAT (PZ0.03) at 6 months. A CT image at the level of L4 pretreatment and at 6 months in a subject who received GH is shown in Fig. 3 . There was an increase in thigh muscle area, as measured by CT, in the GH group compared with placebo group. There was a decrease in trunk fat measured by DXA in the GH group compared with 
Effects of GH on cardiovascular risk markers
Cardiovascular risk makers at baseline, 6 weeks, and 6 months are summarized in Table 3 . There was a significant decrease in hsCRP (primary endpoint) in the GH group compared with placebo group (Fig. 4) . Nine subjects in the GH group experienced a decrease in hsCRP cardiovascular risk quintile (by one to four quintiles), and one experienced an increase (by two quintiles). In the placebo group, five subjects experienced an increase and three a decrease (each by one quintile only). Apolipoprotein B and the apolipoprotein B/LDL ratio decreased in the GH group compared with placebo group. tPA decreased in the GH group compared with placebo group. There was a trend in decrease in fibrinogen in the GH group compared with placebo group. LDL-and total cholesterol decreased within the GH group (PZ0.02). There was no significant change in carotid IMT and RHI between the groups.
Effects of GH on glucose tolerance
Measures of glucose tolerance at baseline, 6 weeks, and 6 months are summarized in Table 4 . No subjects had fasting glucose levels R126 mg/dl (6.99 mmol/l) at any www.eje-online.org point during the study. Fasting glucose and 2 h glucose levels increased in the GH group compared with placebo group. Three subjects experienced increases in their fasting glucose levels from !100 mg/dl (5.55 mmol/l) to O100 mg/dl at 6 months. All three subjects had been randomized to GH. Seven subjects experienced increases in their 2-h glucose levels from !140 mg/dl (7.77 mmol/l) to O140 mg/dl at 6 months, five of whom had been randomized to receive GH and two to the placebo group. Baseline fasting glucose predicted 6-month change in 2-h glucose within the GH group (rZ0.48, PZ0.01; Fig. 5 ), suggesting that subjects with higher fasting pretreatment glucose were more likely to experience decreases in glucose tolerance with GH administration. Baseline fasting glucose correlated with 6-month fasting glucose (rZ0.68, PZ0.0001), and baseline 2-h glucose correlated with 6-month 2-h glucose (rZ0.66, PZ0.002). There was no association between GH dose or increase in IGF1 levels and change in any measure of glucose tolerance. One subject was discontinued from the study at 3 months secondary to a 2-h glucose O200 mg/ml (11.1 mmol/l), a prespecified drop criterion. Four subjects had 2-h glucose levels O200 mg/ml at 6 months, one of whom was receiving placebo.
Predictors of response within the group that received GH
Six-month change in IGF1 levels was associated with 6-month decrease in TAT (rZK0.42, PZ0.03) and VAT (rZK0.56, PZ0.002) ( Fig. 6 ), which remained significant after controlling for baseline age and BMI (PZ0.002 and PZ0.009 respectively), suggesting that those subjects experiencing the greatest increases in IGF1 levels with GH administration experienced the greatest decreases in total and visceral abdominal fat.
There was a trend of an association between 6-month increase in IGF1 and 6-month decrease in hsCRP (rZK0.44, PZ0.08). GH dose at 6 weeks correlated with the 6-week changes in TAT (rZK0.50, PZ0.05) and SAT (rZK0.50, PZ0.04). There were also trends toward significant associations between GH dose at 6 weeks and the 6-month change in thigh muscle area (rZ0.50, PZ0.05), TAT (rZK0.40, PZ0.06), SAT (rZK0.30, PZ0.08), and VAT (rZK0.34, PZ0.07).
The GH dose at 6 months was inversely associated with the 6-month change in fibrinogen (rZK0.42, PZ0.03).
Neither baseline or prior level of activity, baseline peak GH after stimulation with GHRH, nor baseline IGF1 levels predicted 6-month change in body composition, cardiovascular risk markers, or glucose tolerance.
Compliance
Blood samples from 3-month and 6-month visits of subjects in the GH group who completed the 6-month visit demonstrated 22 kDa hGH, indicating rhGH presence in both the blood samples in 13 cases (46%) and in either the 3-month or the 6-month sample in 12 cases (43%), implying intermittent rhGH use, while in three cases (11%), no 22 kDa hGH could be detected in either sample. For the subjects who dropped out between 6 weeks and 3 months (nZ7), 22 kDa hGH was detected in two cases (29%).
Side effects
There was no significant difference between the GH and the placebo groups in reported incidences of mild edema (GH group: 53.6%, placebo: 45.5%; PZ0.8), mild joint discomfort (GH group: 53.6%, placebo: 31.8%; PZ0.2), muscle aches (GH group: 17.9%, placebo: 13.6%; PZ1), nasal congestion (GH group: 25.0%, placebo: 22.7%; PZ1), back pain (GH group: 10.7%, placebo: 22.7%; PZ0.3), headache (GH group: 35.7%, placebo: 36.4%; PZ1), or intermittent mild hand paresthesias (GH group: 50.0%, placebo: 22.7%; PZ0.08). There was one serious unrelated adverse event: development of cancer in a study subject who was receiving placebo. No other serious related or unrelated adverse events occurred during this study.
Discussion
This is the first study to demonstrate that GH treatment in abdominally obese premenopausal women exerts beneficial effects on body composition and markers of cardiovascular risk. Specifically, we show that GH treatment for 6 months, at doses that increased the mean IGF1 approximately to the mean for age (mean IGF1 SDS in the GH groupZK0.1), decreases abdominal fat and increases muscle mass. In addition, it decreases hsCRP, tPA, apolipoprotein B, and apolipoprotein B/LDL ratio -a measure of LDL atherogenicity. However, it is also associated with a small decrease in glucose tolerance in a subset of women, particularly those with higher pretreatment fasting glucose levels.
Our study demonstrated a decrease in total abdominal and abdominal subcutaneous fat and decrease in trunk fat with GH treatment in premenopausal women with visceral adiposity. VAT decreased compared with baseline in women randomized to receive GH, and an inverse association between the increase in IGF1 level and decrease in VAT in women receiving GH suggests that the effect was dose dependent. Importantly, we also observed an increase in muscle mass. As decreased GH secretion is an independent risk factor for increased abdominal obesity and cardiovascular risk (30, 31) , we hypothesized that GH treatment would result in beneficial alterations in body composition and improvements in cardiovascular risk markers in women with visceral adiposity. These data suggest a beneficial GH-mediated modification in body composition in obese women of reproductive age.
GH is an important mediator of inflammation and atherogenesis (4) . In our 6-month, double-blind, placebo-controlled trial, GH decreased cardiovascular risk markers including hsCRP, tPA, apolipoprotein B, and apolipoprotein B/LDL ratio. The effects on hsCRP are consistent with demonstrated effects in hypopituitary men (8) and women (7) . The effects on apolipoprotein B and apolipoprotein B/LDL ratio suggest that GH results in increased size of LDL particles, which have been shown to be less atherogenic than smaller, denser LDLs. Within the GH group, there was also a decrease in total and LDL-cholesterol. These findings are similar to the results of previous studies that investigated the effects of GH in hypopituitary men and women (32) and in obese men and postmenopausal women (13, 14, 15) . The significance of this is that alterations in body composition, including increased abdominal adiposity, are associated with a marked increase in coronary heart disease and elevation of inflammatory cardiovascular markers, including hsCRP, and classic cardiovascular risk markers, including LDL-cholesterol and triglycerides (33) . In addition, although GH administration has been clearly shown to reduce body fat, including VAT (7, 8, 12, 30) , and to increase lean body mass (7, 12) in men with hypopituitarism, and a recent randomized, placebo-controlled study demonstrated effectiveness in hypopituitary women (7) , other studies have shown less efficacy in women (34) . There are few studies on obese subjects, in whom endogenous GH is also reduced, and none on obese women of reproductive age, in whom the hormonal milieu significantly differs from that of other groups studied. Our study is the first to isolate the effects of GH administration in women of reproductive age with obesity. A previous study administering GH to elderly women reported a significant decrease in abdominal SAT and no significant change in VAT (35) , in contrast to a study that found a larger reduction in VAT compared with abdominal SAT in obese men following 12 months of low-dose GH administration (14) . In contrast, Tomlinson et al. (16) did not observe a reduction in fat mass assessed by DXA in a study of obese men and women following 8 months of low-dose GH administration compared with placebo. Franco et al. (13) reported decreased VAT, increased muscle area, and decreased liver fat using CT density measurements after 12 months of GH administration in postmenopausal women. We did not observe a significant decrease in intrahepatic fat measured by 1H-MRS in the GH group compared with placebo in our study on obese premenopausal women. Whether the differences in results from these studies reflect differences in study population, study duration, GH dosing, imaging technique, or other factors is unknown.
Limitations of the study include evidence of noncompliance with GH administration; consistent rhGH administration was present in only 46%, while 42% manifested biochemical evidence of only intermittent GH administration. This may explain the apparently high dose relative to the modest increase in mean IGF1 levels within the normal range. More regular GH administration might have resulted in more significant findings. Another limitation was our high dropout rate. However, of note, we replaced dropouts to ensure our prespecified completers (nZ50) at 6 months. Also, we followed the Institute of Medicine guideline for analysis of data with missing observations. There was no difference in baseline characteristics between the completers and the dropouts, and our dropout rate was commensurate with other obesity studies (36, 37) . Finally, it should be noted that this is a small, physiological experiment, and clinical recommendations cannot be made based on the results.
In our study, GH administration decreased glucose tolerance in a minority of women. This suggests that relative GH deficiency in obesity may be an adaptive mechanism with regard to glucose tolerance. Whether the effects of GH administration observed in this study are clinically significant is debatable, as the absolute increases in glucose were small and few study subjects developed hyperglycemia with a 2 h glucose level over 200 mg/dl (11.1 mmol/l). Of note, higher fasting glucose levels predicted greater 6-month increases in 2 h glucose levels, suggesting that obese women with abnormal glucose tolerance may be more likely to experience this adverse effect. Acute GH administration increases insulin resistance in women with GH deficiency due to hypopituitarism, whereas chronic GH administration has been shown in some, but not all, studies to return measures of insulin resistance to normal or even result in improvements (32, 33, 38, 39, 40) . It is thought that the acute worsening of insulin resistance may be secondary to GH-induced adipocyte lipolysis and lipid turnover, resulting in increased plasma free fatty acids, and the long-term improvement in insulin resistance may be mediated in part by the GH-induced decrease in VAT and increase in muscle mass (41) . It should also be noted that a recent paper confirmed the reversibility of acute GH-induced insulin resistance (42) . For a detailed review on GH and glucose metabolism, please see (43) . In our study, the increase in insulin resistance was accompanied by an increase in IMCL within the GH group. Krag et al. (44) demonstrated an increase in IMCL using muscle biopsies following 8 days of GH administration in healthy men. We have previously reported an inverse association between GH and IMCL using 1H-MRS, independent of VAT in women with visceral obesity (10), suggesting that low GH may contribute to insulin resistance through effects on IMCL. Our data do not support our hypothesis, generated from our cross-sectional data, that normalization of glucose tolerance with chronic GH treatment would be mediated by a reduction in IMCL and hepatic lipid concentrations. Further studies are warranted to investigate the mechanisms underlying the effects of GH on glucose tolerance.
We demonstrated that GH administration in viscerally obese premenopausal women results in beneficial effects on body composition and cardiovascular risk markers. However, it was also associated with a decrease in glucose tolerance in a minority of women, suggesting a possible adaptive effect of low endogenous GH with regard to glucose tolerance in premenopausal viscerally obese women. The net effect of GH on longterm cardiovascular risk in premenopausal women with abdominal adiposity is unknown.
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